The chemical constituents from the flower, leaf and stem of Helichrysum armenium DC. (Asteraceae) growing in Iran were obtained by hydrodistillation and analyzed by GC and GC/MS. The oil of flower was characterized by higher amount of limonene (21.2%), α-cadinol (18.2%), borneol (11.9%), δ-cadinene (9.0%), bornyl acetate (8.0%) and α-humulene (7.3%). Twenty one constituents representing 96.2% of the chromatographical leaf oil were identified of which limonene (29.2%), α-pinene (14.4%), caryophyllene oxide (6.5%), α-gurjunene (6.3%), bornyl acetate (5.5%) and torreyol (5.2%) were the major components. The main components of the stem oil were limonene (23.6%), α-pinene (13.4%), spathulenol (6.4%), α-gurjunene (6.3%), caryophyllene oxide (5.3%), bornyl acetate (5.2%), β-cubebene (4.8%) and δ-cadinene (4.3%). The composition of the oils is different, although the most abundant components are identical in leaf oil (96.2%). The antimicrobial effect of flower, leaf and stem essential oils from Helichrysum armenium was studied according to the agar diffusion cup method. The essential oils had a moderate effect on the Gram-positive and Gram-negative bacteria and had a substantial fungicidal effect on the fungi under study.
The genus Helichrysum (Gol-e-Bimarg in Persian), belonging to the family of Asteraceae, consists of a few hundred species, widespread throughout the world. Their flowers, commonly known as goldeverlasting or eternal flowers, were used in antiquity to make the wreaths to crown idols. Nineteen species of this genus are found in Iran, among which eight are endemic [1] . Plants of the genus Helichrysum are prolific producers of a host of secondary metabolites, including flavonoids, acetophenones, phloroglucinol, pyrones, triterpenoids and sesquiterpenes [2] . The fact that different Helichrysum species produce different secondary metabolites as a biochemical defense mechanism against bacteria and fungi is of great interest, since it indicates the use of different metabolic pathways [3] . Helichrysum armenium is a dwarf aromatic shrub with yellow flowers, up to 30-70 cm high, growing on dry cliffs and sandy soil. Helichrysum species are commonly used in Iran, Turkey and other parts of the word for their various biological properties, including anti-inflammatory [4] [5] [6] , antioxidant, antimicrobial [7] [8] [9] [10] [11] [12] [13] and cytotoxic properties [14] . These plants have been used in folk medicine for at least 2000 years to treat gall bladder disorders, due to their regulation of bile and diuretic effects. They are used for stomachache relief and wound dressings, for their anti-infective, heptaprotective, detoxifying, cholagogic and choleretic effects; to stimulate the secretion of gastric juices, and in the treatment of coughs, erythematic and diabetes mellitus [15, 16] . The flower heads contain essential oil that is very sought out by the perfume industry and aromatherapy. The chemical constituents of H. armenium flavonoids of Anatolian medicinal plants have been investigated. Apigenin, luteolin, naringenin, astragalin, helichrysins A and B, isosalipurposide, apigenin 4'-and 7-glucosides, and quercetin 3glucoside were the main components of the capitula while kaempferol, quercetin, astragalin, and quercetin-3-glucoside were the main components of the leafy tissues [17] . Cytogenetic effects of nine Helichrysum taxa in human lymphocytes culture have been reported. The inhibitory effects of H. armenium DC. subsp. armenium, H. armenium DC. subsp. araxinum (Kirp.) Takht.; and other six species of Helichrysum on the mitotic index and replication index indicate that these taxa can have genotoxic, carcinogenic and mutagenic effects [18] . Sesquiterpene lactones [19] and some flavonoid compounds isolated form H. armenium have been reported to possess useful antioxidant properties [19, 20] . The lipophilic flavonoid 5,7-dihydroxy-3-methoxyflavone has been isolated from H. armenium araxinum [21] . To the best of our knowledge, this is the first report on the analysis of the flower, leaf and stem volatile oils and the antimicrobial activities of Helichrysum armenium DC. from Iran.
The results obtained in the analyses of the oil of H. armenium flower, leaf and stem are listed in Table 1 , in which the percentage and retention indices of components are given. As it is shown, about 92.5% (22components) of the oil of flower, 96.2% (21 components) of the leaf oil and 93.5 % (21 components) of stem oil were identified. The flower oil consisted mainly of five monoterpene hydrocarbons (28.3%), eleven sesquiterpene hydrocarbons (22.5%), four oxygenated monoterpenes (21.2%) and two oxygenated sesquiterpene (20.8%). This oil was characterized by the presence of limonene (21.2%), α-cadinol (18.2%), borneol (11.9%), δcadinene (9.0%), bornyl acetate (8.0%) and α humulene (7.3%).
The volatile oil of the leaf contained two monoterpene hydrocarbons (43.6%), seven oxygenated monoterpenes (17.6%), nine sesquiterpene hydrocarbons (21.8%) and three oxygenated sesquiterpene (13.2%). Limonene (29.2%) and α-pinene (14.4%) were the major components of this oil, followed by, caryophyllene oxide (6.5%), α-gurjunene (6.3%), bornyl acetate (5.5%), torreyol (5.2%), δ-cadinene (4.4%), carvone (3.8%), γ-terpineol (3.5%), calacorene (3.5%) and β-cubebene (3.4%). The stem oil was characterized by a large amount of monoterpene hydrocarbons (37.0%), seven oxygenated monoterpenes (17.3%), eight sesquiterpene hydrocarbons (21.6%) and four oxygenated sesquiterpenes (17.6%).
This oil was characterized by the presence of limonene (23.6%), α-pinene (13.4%), spathulenol (6.4%), α-gurjunene (6.3%), caryophyllene oxide (5.3%), bornyl acetate (5.2%), β-cubebene NPC Natural Product Communications 2012 Vol. 7 No. 5 671 -674 (4.8%) and δ-cadinene (4.3%). As can be seen in Table 1 , the dominant compounds in the leaf and stem oils are limonene and αpinene, but limonene and α-cadinol were the major components in the oil of the stem. Table  2 . The three essential oils showed modest antibacterial activities against Staphylococcus epidermidis, Bacillus subtilis and Escherichia coli compared to the positive control. Table 2 also shows that the oils had no antibacterial activity against Pseudomonas aeruginosa and Bacillus pumilus. It can be seen from the data that the oils had a weak effect on the some Gram-positive and Gram-negative bacteria.
Among the yeast, Saccharomyces cerevisiae and Candida albicans were considerably more sensitive (compared to the positive controls) to the flower and leaf oils. Based on the conducted studies it can be concluded that the oils from different plant parts of H. armenium had a modest effect on Gram-positive and Gram-negative bacteria and a more pronounced effect on the two fungi tested. The antimicrobial effect of three oils was different and it was probably related to the differences in the type and amount of each oil constituents. The activity of the essential oils of this plant might be attributed to its constituents such as mono and sesquiterpenoids and those oxygenated derivative compounds. The hydrocarbon monoterpenes show the lowest antibacterial activity, while oxygenated compounds possess a higher potential [22] . It can be seen in Table 2 that the growth of tested bacteria responded differently to the essential oils and their components, which indicates that different components may have different modes of action or that the metabolism of some bacteria is able to better overcome the effect of the oil or adapt to it. β-Caryophyllene and αhumulene were also the main components of the oils of H. bracteriferuni, H. odoratissimum, H. kraussil, H. cardifolium, H. faradifani, H. hypnoides and H. stoechas [23] [24] [25] [26] [27] . α-humulene (7.3%), the major constituent of the oil of H. armenium, was present as one of the main compounds of the oil of H. leucocephalum (9.0%) and H. artemisioides (7.7%) from Iran [28] . A waterdistilled oil obtained from the aerial parts of H. italicum (Roth) G. Don. has also been studied. The major components were identified to be α-pinene (12.8%), 2-methyl-cyclohexyl pentanoate (11.1 %) and neryl acetate (10.4%) [29] .
In conclusion, the essential oils of the Helichrysum armenium flower, leaf and stem, which are the subjects of this research, could be evaluated as one of the alternative natural sources of antimicrobial agents which support ethnobotanical utilization of the Helichrysum armenium and therefore, it deserve further phytochemical analysis for discovery of their active constituents. Further studies should be carried out for the isolation and identification of individual compounds and in vivo studies are also needed for an understanding of their mechanisms of action as antioxidant and antimicrobial agents. Helichrysum armenium essential oil Natural Product Communications Vol. 7 (5) 2012 673
Distillation: Air dried flowers (100 g), leaves (150 g) and stems (200 g) of Helichrysum armenium were collected from the wild growing plants, and subjected to 4 h of hydrodistillation in a Clevenger-type apparatus. The resulting oils yield (flowers 1.1%, leaves 0.7% and stems 0. 5% V/W) were dried over anhydrous sodium sulfate and immediately placed into 3 glass tubes and sealed. The samples were stored in the dark at 2 °C until analyzed.
GC analysis: GC analysis was performed on a Shimadzu 15A Gas Chromatograph equipped with a split/splitless injector (250 °C) and a flame ionization detector (250 °C). N 2 was used as carrier gas (1 mL/min) and the capillary column used was DB-5 (50 m × 0.2 mm, film thickness 0.32 µm). The column temperature was kept at 60 °C for 3 min and then heated to 220 °C with a 5 °C/min rate and kept constant at 220 °C for 5 min. Alkanes (C 8 -C 24 ) were used as reference points in the calculation of relative retention indices (RRI). The relative percentages of the characterized components are given in Table 1 .
GC/MS analysis: GC/MS analysis was performed using a Hewlett
Packard 5973 with an HP-5MS column (30 m × 0.25 mm, film thickness 0.25 µm). The column temperature was kept at 60 °C for 3 min and programmed to 220 °C at a rate of 5 °C/min and kept constant at 220 °C for 5 min. The flow rate of helium as carrier gas was 1 mL/min. MS were taken at 70 eV. The individual peaks were identified by comparison of their retention indices to those of authentic samples, as well as by comparing their mass spectra with the Wiley library mass spectral database and literature [30] .
Relative percentage amounts were calculated from peak area using a Shimadzu C-R4A chromatopac without the use of correction factors. The antimicrobial activity was studied by the Agar Diffusion Cup Method using cups with diameter of 8 mm and quantity of 50 μL of the oils [31] . The investigation was kept on medium by Oxoid [Lab-Lemco Powder 3.0 g, Peptone (Oxoid L 7), 5.0 g] with 2 % agar for bacteria and agar-beer must for the fungi. Methanol was used as negative control, amoxicillin and myconazol as positive references to determine the sensitivity of the strains. After their cultivation at 37 °C for 24 h (bacteria) and at 27 °C for 72 h (yeasts and fungus) there are accounted the diameters of the sterile zones in mm. The tests were with triple repetitions and they were statistically processed at a level of reliability 0.95.
